We combined household surveys and the intensity of bombing to investigate the long-term impact of U.S. bombing during the 1969-1973 period on education, earnings, health, fertility and marriage in Cambodia. The novelty of this paper consists of the use of the quantity of bombs dropped in each geographic district, which allows the estimation of the effects of the intensity of bombing. Taking into account this intensive margin adds significant insights to using a binary exposure to bombing that has been reported in previous research. We find that one standard deviation increase in the intensity of bombing during 1969-1973 reduced years of schooling by about 0.11-0.23. The effects for men are larger than those for women. Fertility (total births) increased by 0.20 and age at first marriage for girls declined by 0.32 year. The reduction in years of education completed do not seem to have affected earnings, however. Similarly, we did not detect any significant effect on health.
Introduction
Armed conflicts whether within or between countries bring about immediate and long-term consequences. Immediate negative effects are apparent ranging from destruction of capital and infrastructure, displacement of population, loss of social network, separation among family members, disruption of schooling and other economic activities, food shortage and health crises, delay in reproduction and marriage, and death of civilians and army. By contrast, long-term impacts are less apparent and the evidence from existing studies is mixed. for men are larger than those for women. Second, we do not find any effect on earnings and employment for both men and women. Third, a one-standard deviation increase in bombing intensity caused an increase in fertility by 0.20 birth. Exposure to bombing also lowered the age at first marriage of girls (0.32 year by one standard deviation increase in bombing intensity), which may explain the increase in fertility. Hence, even if earnings are not impacted, the findings suggest that the bombing affected the non-monetary returns to education, i.e. fertility and age at first marriage. Finally, we do not find any effect on women's height (used as a proxy for the overall health status). It is plausible that amongst those exposed to the bombing as children, healthier individuals would have been more likely to survive till adulthood, hence biasing the estimate on health downward (e.g. Deaton, 2007) . We provide some evidence of selective survival by showing that the bombing campaign reduced the probability of survival among children aged under five.
The rest of the paper is structured as follows. The second section reviews the existing evidence of the long-term impacts of armed conflicts. Section 3 documents the background of the U.S. bombing in Cambodia during the 1965-1973 period. We describe the data and report the descriptive statistics in Section 4. We discuss the conceptual framework and identification strategy in section 5. We present our results in section 6 and conclude in section 7.
Literature
This section reviews existing evidence of the impacts of armed conflicts on education, earnings, fertility, health, and marriage. Islam et al. (2015a) examine the long-term consequence of civil war during the 1970-1979 period in Cambodia and find that individuals exposed to the war during their primary school age accumulated between 2.5 and 3.5 months fewer schooling. Merrouche (2011) Arguably, the bombing campaign of such magnitude and intensity could have longterm effects on individuals, especially those whose human capital accumulation was vulnerable to social and economic shocks. Young children, who were still growing, and school-age children are usually among the groups most affected in the long-term. For instance, the bombing could disrupt schooling through the destruction of school buildings and/or the displacement of population and teachers. This type of disruption, when it reduces education attainment, can affect individual lifetime earnings (Islam et al. 2015a) . It is also plausible that exposure to negative shocks either in utero or in early childhood affects other health negatively and reduces learning capacity, and thus reduces education attainment and earnings in adulthood (Barker 1995) . In the case of Cambodia, the massive destruction of paddy fields and its corollary of plummeting rice production would have induced severe food shortage, especially for young children and those in utero at that time.
Additionally, fertility may be affected by conflicts. Change in the fertility can operate through multiple channels, including age at marriage, separation of couples due to male conscription and reduced fecundity due to psychological stress (Linstrom and Berhanu 1999).
Moreover, risk-sharing and/or old-age security motives could lead to increase fertility following the conflicts if families seek to replace their children or relatives who perished during the conflicts (Verwimp and Van Bavel 2005) . It is also plausible that reduced education attainment (especially for girls) translates to earlier marriage and increased fertility (Schultz 1994 ).
Data
The data come from three sources, including the Cambodia Socio-Economic Survey (CSES), The CDHS is a USAID-funded project, which aims to collect detailed and reliable information on fertility history, family planning, maternal and child health, and mortality.
It collects household information based on household questionnaire and identifies eligible males and females aged between 15 and 49 from the household for separate interviews. We use eligible women sample to look at the impacts on health, fertility and marriage. The of ordnance and target. We construct spatial intensity of the U.S. bombing at the district level. First, the U.S. bomb data are merged with the district map (177 districts), and bomb weights are summed for each district. Then, the combined district bomb data are merged with each CSES round by using the district names. The resulting dataset is used to examine the impacts on education, earnings and employment. Similarly, to obtain data for the analysis of fertility, health and marriage, we first merge the geo-coded CDHS data with the district map that contains the information on bombing. The resulting dataset is used to look at the impacts on fertility, health, marriage and mortality. Table 1 provides summary statistics of outcomes of interest and other explanatory variables.
5 Conceptual Framework and Identification strategy
Conceptual Framework
There are multiple channels through which the bombing campaign could have disrupted the accumulation of human capital. In this section we propose a simple economic framework to describe how the effects of conflict on human capital. Conceptually, the bombing campaign could have affected education through either the demand side or supply side factors, and more likely via both ways. These effects can be easily pictured using simple demand and supply curves, and treating education as a normal good. We illustrate using education, but the framework can be amended easily to explain the demand and supply of other public services as well. Figure 3 provides an illustration of the framework. Second, fewer children would demand to attend school during or immediately after a conflict for several reasons, holding the supply side constant. Population displacement and safety 4 concerns would make parents reluctant to send their children to school. There are accounts that the two-month ground invasion by the South Vietnamese Army (SVA) in 1970 generated about 130,000 refugees, sixty percent of whom were displaced, while there were incidents that villages were completely levelled and subsequently abandoned during the last six months of the bombing (Kiernan 1989) . By the end of 1971, about one third of Cambodia's seven million population were displaced (Shawcross 1987:222) . By these accounts, the demand curve would have shifted down, holding the supply constant. These changes are reflected by the shift from D 1 to D 2 in Figure 3 .
Overall, the bombing campaign would have resulted in a new equilibrium (Q E 2 ) where education attainment is lower than the equilibrium (Q E 1 ) before the conflicts. This description also clarifies the interpretation of our DID estimates, that the bombing campaign caused education attainment of the young cohort (the new equilibrium) to be lower than that of the old cohort (the old equilibrium). Specifically, the DID estimates indicate the change from Figure 3 .
Identification strategy
Figures 4a & 4b plot the average years of schooling of individuals by year of birth. Figure 4a shows that the average years of schooling of the individuals born about a decade before 1969
is lower than that of those born earlier. The pattern is similar for the individuals born in either the high or low bomb intensity districts, as shown in Figure 4b . The graph in Figure   4a indicates that the individuals born about a decade before the U.S. bombing (1969) (1970) (1971) (1972) (1973) or the Lon Nol regime (1970) (1971) (1972) (1973) (1974) (1975) gained the average years of schooling lower than those born earlier. This is qualitatively justifiable as children normally start school between 7 and 12 years of age. Hence, the bombing might have some effects on the years of schooling of the individuals, who were at the primary school age at the start of the bombing or were already enrolled in the primary school during the bombing. Table 1 in the Appendix). The treated group consists of individuals from the "after" group who were exposed to the bombing. We use these distinct groups and apply DID approach, which is similar to the method in Duflo 
where y ijkr is either years of schooling completed, log monthly earning, fertility, age at first marriage or height of an individual i, born in district j at year k and survey year r. And, bomb j is the level of regional bomb intensity measured in thousand metric tons in district j, while young ik is a dummy variable indicating that individual i was at primary-school age (7-12) during the bombing period. µ j is the district specific fixed effects, which controls for the fact that districts may differ systematically from each other, and δ k is the year of birth or cohort fixed effects. λ r is the survey round dummy. Moreover, X ijk is a vector of additional controls including sex and ethnic Khmer dummy. ε ijk is an error term.
For robustness check, we also control for zone trends (zone p * trend), which are the interactions between zone dummies and year of birth dummies to account for the differential trends of outcomes across the five zones, which are geographic units above province and district. Standard errors are clustered at district level to account for intra-regional correlation of outcomes of individual in the same district. We also apply White's standard error correction to obtain the valid test statistic for our estimates. In this specification, β measures the effect of the U.S. bombing during the 1969-1973 period. Interpretation of this estimate relies on the assumption that the education and earnings of household in the affected and non-affected districts do not differ systematically in the absence of the bombing. In other words, β would have been zero in the absence of the bombing campaign.
Results

Education
The results in Table 2 per standard deviation increase in the quantity of bombs. Overall, it is comforting that the point estimates are quite stable across different subsamples and surveys. Moreover, in Table   3 in the appendix, we demonstrate that our results are robust to controlling for zone trends.
Heterogeneity of impact on education by gender
We now investigate whether the effects of bombing on education differed between men and women. We use the same specification as above (equation 1) and interact a gender dummy (for men) with the treatment interaction terms 7 . The DID estimates are shown in columns (2), (4) and (6) in Table 2 . The estimates from both CSES samples are negative and similar in size, suggesting that the U.S. bombing affected schooling for men more than that for women. Conditional on the DID assumption, a standard deviation increase in the bombs reduced years of schooling for men about 0.19 (0.0075*25.369), which is about twice as much as that for women. The DID estimate from the CDHS sample, shown in column (6), is also negative and marginally higher than those from the CSES samples. The effect is about 0.25 years per standard deviation increase in the bombs. All DID estimates in this section are also robust to adding zone trends ( Table 3 in the Appendix).
The low enrollment rate among women relative to that of men during the 1950s and early 1960s might be the one reason underlying the difference in the impact. The number of women, who were at the primary school age and never attended school during the periods, accounts and statistics of its extent and scope. It is also worth noting that young boys were more preferred by the Khmer Rouge to young girls as they were more ready to help during the combat and easy to be indoctrinated. Thus, young boys from peasant families would have been more likely to be abducted than girls by the Khmer Rouge during their ambushes of the villages. Table 3 presents the results of the effect of the U.S. bombing on earnings and employment for both men and women. Although the results in the preceding sections show that the effect on education for men is larger than that for women, the results in Table 3 do not reveal any effect of the bombing on earnings and employment for both groups. The DID estimates of the log monthly earnings for both men and women are negative, but statistically insignificant, as indicated in columns (1), (2) and (3) It is also conceivable that the effects of the U.S. bombing on earnings may work through the supply of labor. There could be positive wage gain due to the decline in labor supply as there was a spike in the number of deaths of siblings during the early 1970s, the period of the bombing, as shown in Figure 4 . Additionally, column (1) in Table 4 in the Appendix shows that the U.S. bombing reduced the survival probability of the siblings.
Earnings
Thus, this may offset the effect due to the reduction in the years of schooling. On the other hand, although the bombing does not have any effect on the monetary returns to schooling, we argue that it in turn has an effect on the non-monetary returns to schooling provided that it increased fertility. For instance, the positive effect of the bombing on fertility, as shown in column (1) in Table 5 , provides an explanation to this argument because women's education has a negative effect on fertility (Schultz 1994 
Fertility and marriage
This section looks at the impacts of the U.S. bombing on fertility and marriage, which are shown in columns (1) and (2) in Table 4 . The DID estimate for fertility is positive and statistically significant at the 5 percent level, while the estimate for age at first marriage is negative and statistically significant at the 10 percent level. Additionally, conditional on the DID assumption, a standard deviation increase in the U.S. bombing led to about 0.20 increase in the total number of births and 0.32 decline in the age at first marriage. A rise in fertility may have resulted also from the decline in girls' education attainment as documented above.
The observed increased fertility may also be a result of the high mortality due to the bombing campaign. This so-called replacement theory suggests that high child mortality due to shocks puts pressure on household to replace the lost ones. Vierwimp and Van Bavel (2005) test this old-age security approach in the context of Rwanda and find that fertility of the women refugees rose in response to the conflicts. We provide some descriptive 8 support for a replacement theory in Cambodia in Figure 5 and in Table 4 in the appendix. From the figure, it is apparent that sibling deaths spiked in the early 1970s. Moreover, column (1) in Table 4 in the appendix shows that the U.S. bombing reduced the probability of survival among siblings, while column (4) in the same Table also shows that the bombing reduced the probability of survival among children aged under 5. Therefore, households residing in the districts that were more severely bombed were more likely to die and lose their children. As our results also show that the U.S. bombing increased fertility, it is likely that households, who lost their children or siblings due to bombing, were more likely to replace their lost ones.
Health
As we are interested in the impacts of the U.S. bombing on the individuals, who were either in-utero or younger than 5 years of age during the bombing, our treatment group are individuals, born between 1965 and 1969, while our control group are those, who were born between 1960 and 1964. We run OLS on specification equation (1) to obtain estimate of the impact, which is shown in column (3) in Table 4 . The DID estimate is negative, but small and statistically insignificant, which suggests that there is no evidence of the impact of the U.S. bombing on health among the female individuals.
However, the situation of malnutrition was widespread during the bombing period provided that by the end of 1971 more than 2 million of the Cambodia's population of 7 million were displaced and about 20 percent of the country's property were destroyed (Shawcross 1987:222) . Moreover, by around August 1971, the North Vietnamese Army (NVA) had occupied more than half of the country's territory (Becker 1998:130) . There was also substantial reduction in paddy rice production as large paddy rice fields were either destroyed or under the control of the NVA. In addition, disease such as gastric disorder, which could have been cured if there had been sufficient medical supplies, was very common among children (Shawcross 1987:223) . Therefore, the absence of the effect might be because individuals selected into the sample are the fittest survivors meaning that we are likely to compare outcomes of the bombing-exposed individuals, who were fittest, with those of the non-exposed individuals.
To investigate whether there is evidence of the survival of the fittest, we run OLS on specification equation (1), where dependent variables are the probabilities of being alive of the siblings, children under five and the adults aged above 17. The results are in Table 4 in the Appendix. Column (1) shows that the U.S. bombing reduced survival probability of siblings, while column (2) shows no effect of the U.S. bombing. This suggests that individuals, exposed to the bombing at younger age, were not affected and were more likely to be fittest children to survive through the bombing period. Column (4) provides additional support to this because the U.S. bombing reduced the probability of survival among children aged under five, which suggests that child mortality during the bombing was probably high.
Furthermore, the results in columns (5) and (6) show no effects of the U.S. bombing on survival probability of adults. Thus, we can qualitatively argue that the absence of the effect is attributed to selection of the fittest survivors into the sample. Our results are also in line with the study by Deaton (2007) , who shows that mortality selection, rather than scarring 9 , was the underlying reason behind the positive association between high childhood mortality and taller adults in Africa.
Conclusion
Armed conflicts cause both immediate and long-term consequences, the evidence of its longterm impact of which has been documented at both macro and micro levels. The U.S.
bombing in Cambodia during the 1965-1973 period was the sideshow of the Vietnam war, and it was so massive that about a third of its total population were displaced and a large number of schools, massive paddy rice fields and infrastructures were destroyed, which suggests its long-term impact on households, who resided in the districts with high bomb intensity. This study uses two sources of variation, namely bomb intensity at the district level and the birth cohorts, exposed to the bombing, by applying the DID approach to identify the impact of the U.S. bombing campaign on education and earnings. We find that conditional on the DID assumption, one standard deviation increase in the U.S. bombs during the 1969-1973 period reduced years of schooling between 0.11 and 0.23. The effects on years of schooling for men are higher than those for women.
We do not find any effect on earnings and employment for both men and women.
Nonetheless, we find that the U.S. bombing increased the total number of births by about 0.20 per standard deviation increase in the bombs, which suggests that the U.S. bombing reduced non-monetary returns to schooling. We also find that the U.S. bombing increased age at first marriage among young female Cambodians, which is a factor contributing to the rise in fertility. However, we do not find any effect on women's height, but predict that the negligible effect could be due to comparing outcomes of the bombing-exposed individuals, who were the fittest during their childhood, with the non-exposed individuals because there was a marked increase in the number of deaths of siblings during the early 1970s and our results also show that the U.S. bombing reduced the probability of survival among siblings, as well as children aged under five. 
Note: Figure 3 depicts the market for educational services in Cambodia, where P and Q are price and quantity of educational services, respectively. We treat education as a normal good. Prior to the U.S. bombing, quantity demanded of education is (Q E 1 ), for a given cohort this would be years of education completed. The bombing campaign is an exogenous shock that affects the equilibrium E 1 in two ways. First, supply of the eduction services shifts from S 1 to S 2 , because of (let say) the destruction of school buildings across the country and displacement of teachers. Second, demand for education services shifts from D 1 to D 2 . This shift is driven, for example, by population displacement, concerns for children's safety and the negative income shocks. At the new equilibrium (E 2 ), quantity of education demanded, 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 Year of death
With bomb intensity Zero bomb intensity sample is restricted to individuals aged between 17 and 57. *** Significant at 1%; ** significant at 5%; * significant at 10% [1960] [1961] [1962] [1963] [1964] . *** Significant at 1%; ** significant at 5%; * significant at 10%.
